Abstract-The Channel State Information (CSI) plays a significant role in wireless Relay Selection (RS) systems. Due to the time variation of channels, the CSI in the data transmission phase may differ (i.e., is outdated) from that in the relay selection phase. Addressing this issue, the Decode-andForward (DF) Two-Way Relaying (TWR) network is considered, and the impact of outdated CSI on the system performance is investigated. The optimal max-min relay selection policy is proposed, which can be implemented easily by extending the distributed timer technique in practice. The expressions of outage probability are derived, and asymptotic analysis in the high SNR regime is also carried out, over Rayleigh fading channels. Numerical and simulation results collaborate the proposed studies.
The study for the impact of outdated CSI on TWR has been addressed in some works, most of which were presented for AF-based TWR systems [18] - [21] . For the effect of imperfect CSI to DF-based TWR networks, the reception reliability and the SER were discussed in [22] , focusing on the scenario where the channel estimation error is inversely proportional to signal-to-noise ratio (SNR). However, to the best of authors' knowledge, there are few research on the outage performance of opportunistic DF-based TWR networks under outdated CSI, except for [23] , where the outage performance was analyzed for a three-node DF-based TWR network with co-channel interferers at the source terminals.
The remainder of the paper is organized as follows. Section 2 characterizes the system model and relay selection criteria. The outage performance under outdated CSI is analyzed in Section 3. In Section 4, simulation results are demonstrated. The conclusion of the paper is given in Section 5. 
II. SYSTEM MODEL
where R x with the transmission power R P is the signal Observing from (4), the relay selection can be implemented easily in practice, by extending the distributed timer technique in [8] . Specifically, each source node first broadcasts one pilot to the relay nodes, so that relays who succeed in decoding can estimate the channel quality. Then each relay in DS starts a timer, whose duration is inversely proportional to its channel SNR
 at the relay selection instant. The relay node, whose timer is expired, notifies the other relays via a flag packet, and then the other relays keep silent. Therefore, the relay, which first transmits the flag packet, is the best relay to be selected.
III. OUTAGE PROBABILITY ANALYSIS UNDER OUTDATED CSI

A. Outdated CSI Model
In the paper, we assume that the CSI in the relay selection phase differs from that in the data transmission phase, while the CSI remains the same in each phase separately.
At the data transmission phase, let , f is the Doppler frequency, and  stands for the delay between the relay selection instant and the data transmission instant.
B. Outage Probability Analysis
The outage event occurs when either , Am  or , Bm  falls below the threshold y . Hence, the outage probability of the DF-based TWR system can be derived as 
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Substituting (12) and (14) into (11), and applying [25, (6.643 ), (8.310), (9.14), (9.210)], the approximate expression of
Fy  is obtained as (15) , where
, and the
Consequently, the outage probability (9), (10) and (15), yielding (16) . Since the system model in Fig. 1 is symmetric, the outage probability . As expected, better performance of outage probability are obtained by increasing the value of  , since larger  means better quality of the channel. In particular, the system performance improves significantly when  is close to one, due to the perfect CSI when  is equal to one.
V. CONCLUSIONS
The outage performance of the opportunistic DF-based TWR network is investigated, under the outdated CSI. The optimal max-min relay selection scheme to minimize the outage probability is proposed, by incorporating the outdated channels. The expressions of outage probability are derived, and asymptotic analysis in the high SNR regime is also presented. Numerical and simulation results coincide with the analysis. 
